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TECHNICAL NOTE 3831

TABULATION OF MASS-FLOW PARAMETERS FOR USE IN DESIGN OF TURBOMACHINE
BLADE ROWS FOR RATIOS OF SPECIFIC HEATS OF 1.3 AND 1.4

By Warren J. Whitney

: SUMMARY

Mass-flow tebles for ratios of specific heats y of 1.3 and 1.4 are
presented for the entire range of critical velocity ratio. The tables
ensble a quick and accurate determination of the integrated average specific
mass flow across & region where the end-point velocitlies are known, commensu-
rate with the assumptions that the total state is constant and the static
pressure varies linearly between the two velocities., A numerical example
18 included to illustrate the use of the tables. All quantities are in
nondimensional form and are taebulsted sgainst critical velocity ratio.

The tables include specific-mass-flow parameter and raetioc of static to
total pressure.

INTRODUCTICHN

In a comprehensive turbine blading design procedure, the blade sur-
face velocities are determined at two or three radial sections by s
method such as that of reference l. The blade surfaces and average
veloclity level are then adjusted until the blade passage satisfies the
design mass-flow-handling requirement, and the blade surface velocity
variations are reasonably close to the prescribed velocity variation.
Thus, it is necessary to determine the integrsted mass flow at various
locations throughout the blade passage. The two assumptions that have
frequently been used in turbine blading design procedure to determine
the integrated mass flow are: (1) The total state of the fluid is con-
stant along a potential line (or channel orthogonal), and (2) the static
pressure varies linearly along the orthogonal between known (or computed)
velocities. In order to facilitate mass-flow integrations commensurate
with these assumptions, tables T and IT were computed.

In addition to the quantity used to obtain average integrated mass-
flow parameter, the point values of mass-flow paremeter and static- to
total-pressure ratio are tabulated against critical veloecity ratio.
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Although the specific-mass-flow parameter could be obtained from reference
2 as the product of the density ratilo and the critical velocity ratio,

the quantities in the referemnce are .tsbulated eagalinst Mach number, and

it would be required to extrapolate in many cases for.a desired critical
velocity retio. - ’

SYMBOLS
2
pl
A lue of integral ( 2 >d(£‘>
value of integral - P Vor/ \P’
5%:1.0
P sbsolute static pressure, 1b/sq ft -
p! absolute total pressure,-lb/sq £t
v gas velocity, £t/sec
Vopr  velocity of sound at Mach number of 1.0, ft/sec
T ratio of specific heats o
o} gas density based on steatic temperature and static pressure, Ib/cu ft
p! gas density based on total tempersture and total pressure, 1b/cu It

CONSTRUCTICN OF TABLES

The density retioc and pressure ratlio were expressed as functions
of the critical velocity ratio as follows: '

1
po -—TT
I M A A Y
p' Y + 3 \V,
— J
T-1
P _fy-r-=1 A%
p! T +1 Vcr

The pressure ratio, density ratio, and specific-mass-flow parameter were
evaluated over a range of critical velocity ratio from O to the maximum
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1
value (given by (%) /Z) for v of 1.3 and l.4., The integral A was

determined by & step~by-step trapezoildal integration between successive
V/Vcr values that differed by 0.00l. ZFach elemental area, dA, was com-

bined with the previous total so that the A value represents the cumule-
tive area for any particular critical veloecity ratio.

The variastion of specific-mass-flow parameter with statice- to total-
pressure ratio 1s shown in figure 1. Included in the figure for reference
is an auxiliary sbscissa of critical velocity ratio that is necessarily
nonlinear, because a linesr static-pressure variastion was specified.

This figure shows that the average integrated mass flow (commensurate
with the assumptions used herein) between known critical velocity ratios
of epproximstely 0.5 and 0.95 would be the area, bede, divided by the
gbscissa. be. However, the A values represent the cumulative area =
under the curve of pV/b'Vcr a8 a function of the ratio of static to
total pressure p/b'. Thus, the difference in A values for the two
critical velocity ratios is equal to the area bede. Although the
quantity A can be integrated directly, it was convenient to use a
point-by-point integration, since it was desired to obtain p/b‘ and
pV/p‘Vcr for the various V/Vcr values, Furthermore, for a value of

Y for which 2/(y-1) does not equal a whole number, direct integration
results in a power series, and a large number of terms must be used %o
obtain the desired accursacy.

USE OF TABLES

The tebles can be used for a moving (or rotating) blade row as
well as for a stationary blade row. In the case of a rotating blade row,
the velocity V and the total-state quantities p' and Ver nmust be
evaluated relative to the moving blade row., The following numerical
example is included to illustrate the use of the tables. A sketch of a
typical turbine blade flow cheannel is shown in figuwre 2. It is assuméd
that the velocities have been determined for all the orthogonals at the
two surfaces (e.g., points c¢ and 4, fig. 2) by the stream-filament
method (ref. 1). It i1s desired to obtain the average integrated mass
flow for the various orthogonals. Referring to figure 2, the following
critical velocity ratios are assumed for the orthogonal cd:

Point ¢ (suction surface): V/Ver = 0.996 = -
Point 4 (pressure surfasce): V/Ver = 0.558

The integrated average mass flow is determined from teble I (y = 1l.4) as
follows: -
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Point c ar-
V/Ver 0.996 = | 0.558
A (from teble I) .2332614 | .0577960 -
(p/o')(from table I)| .5312402 | .8298491

The saverage Integrated specific mass flow for the orthogonal cd
is equal to ( Am‘) or 0.5876094. The actual weight flow can then
-A

P/ec-a : B -
be obtained by multiplying by the total-state quantity, p'V,.,.. Thus, the
mess flow per unit depth would be 0.5876094 X (p'V.,.) X cd.

1817

ILewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, July 17, 1956 ~

REFERENCES

1. Huppert, M. C., and MacGregor, Charles: Compariso@uBetween Predicted B}

and. Observed Performance of Gas-Turbine Stator Rlade Designed for .
Free-Vortex Flow. NACA TN 1810, 1949. h

2. Ames Research Staff: Equations, Tables, and Charts for Compressible
Flow. NACA Rep. 1135, 1953, (Supersedes NACA TN 1428.)



NACA TN 3831

- MASS~-FLOW PARAMETERS FOR v = 1.4

TABLE I.
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MASS-FLOW PARAMETERS FOR v = 1.4

TABLE I. - Contlnued.
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MASS-FLOW PARAMETERS FOR v = 1.4

- Continued.

TABLE I.
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MASS-FLOW PARAMETERS FOR v = 1.4

TABLE I. - Continued.
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MASS-FLOW PARAMETERS FOR v = 1.4

- Contlnued.
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Specific-mass-flow parameter, pV/p'Vin
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Figure 1. - Variation of specific-mass-flow parameter pV/p‘Vcr with
ratio of statlc to total pressure for v of 1.4, l1lllustrating method
of obtaining integrated average mass flow for construction of mass-
flow tables.
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Figure 2. - Sketch of typical turbine blade channel
t6 1llustrate use of mass-flow tables.
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